Introduction
============

Intracranial hemorrhage due to rupture of a cerebral arteriovenous malformation (AVM) during pregnancy, although rare, is associated with significant maternal and fetal mortality and morbidity.^[@B1]^ Several studies have reported an increased rebleeding rate during the course of pregnancy and it is considered desirable to remove the AVM, if possible.^[@B2],[@B3]^ While performing surgery for AVM during pregnancy, monitoring the fetal heart rate (FHR) is important to avoid uterine and placental hypoperfusion and fetal asphyxia. Although many cases of neurosurgery during pregnancy have been reported, the reference of intraoperative FHR monitoring was in few reports of brain tumor.^[@B4],[@B5]^ So, we describe the role of intraoperative FHR monitoring in two cases of maternal AVM surgery at different stages of pregnancy, and additionally in cerebrovascular surgery.

Illustrative Cases
==================

I.. Case 1
----------

A healthy 27-year-old woman (gravida 1, para 1) presented with sudden right hemiparesis and sensory aphasia at 25th week of gestation. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed an intracerebral hemorrhage in the left parietal lobe ([Fig. 1A](#F1){ref-type="fig"}). Given the mild neurological symptoms, emergency removal of the hematoma was not indicated. Obstetrically, there was no indication for pregnancy termination. At 27th week of gestation, cerebral angiography revealed a left parietal AVM of Spetzler and Martin grade 2 ([Fig. 1B](#F1){ref-type="fig"}). AVM removal was judged necessary on a neurosurgical indication to avoid the risk of rebleeding during pregnancy. As the fetus was not mature enough for extra-uterine life, we performed AVM removal at 30 weeks of gestation with the patient\'s consent.The patient was operated on under general anesthesia in the supine position with her abdomen slightly turned to left for the prevention of supine hypotensive syndrome. Anesthesia was induced with rocuronium 50 mg i.v., propofol 100 mg i.v., fentanyl 0.2 mg i.v., and maintained with propofol 1--4 mg/kg/h, remifentanyl 0.15--0.30 *μ*g/kg/min, and 0.5--1.2% sevoflurane in oxygen. During the operation, the fetal status was monitored using cardiotocography (CTG) ([Fig. 2A](#F2){ref-type="fig"}). The obstetrics team was prepared for an emergency cesarean section in the same operating room. The patient\'s systolic blood pressure (SBP) was maintained between 90 and 100 mmHg during surgery, and the lowest SBP was 82 mmHg during the resection of the nidus by deliberate depression of maternal blood pressure. Her uterine contraction was restrained by anesthetic agents. The FHR remained between 130 and 140 beat per minute (bpm) and FHR variability decreased less than 6 bpm throughout the operation. The FHR decreased between 5 and 10 bpm under general anesthesia compared to pre-operative value. The surgery was completed without any problems. The amount of blood loss was 560 ml. The patient showed a slight right sensory disturbance, but the symptom improved rapidly. The remaining course of the pregnancy was favorable, and the patient successfully delivered via spontaneous vaginal delivery with epidural anesthesia in the 40th week of gestation.

II.. Case 2
-----------

A 34-year-old woman (gravida 1, para 1) was admitted to our hospital in the 16th week of gestation because of sudden left hemiparesis. CT and MRI revealed an intracerebral hemorrhage in the right frontal lobe. Cerebral angiography showed a right frontal AVM of Spetzler and Martin grade 1 on the same day ([Fig. 3A, B](#F3){ref-type="fig"}). The mother wished to continue the pregnancy and consented to the AVM resection. The surgery was performed in the 18th week of gestation. General anesthesia was induced with rocuronium 50 mg i.v., thiopental 250 mg i.v., fentanyl 0.2 mg i.v., and maintained with remifentanyl 0.20--0.25 *μ*g/kg/min, and 1.0--1.5% sevoflurane in oxygen. During the procedure, FHR was directly monitored using ultrasonography, with a transesophageal echo probe attached to the mother\'s lower abdomen ([Fig. 2B, C](#F2){ref-type="fig"}). The patient\'s SBP was maintained between 90 to 100 mmHg during surgery, and the lowest SBP was 84 mmHg during the resection of the nidus. Her oxygenation level was good and no fetal bradycardia occurred during surgery. The FHR remained between 150 and 160 bpm throughout the perioperative period. The surgery was completed without any problems. The amount of blood loss was only 200 ml. The mother complained of no new abnormal neurological symptom. The remaining course of the pregnancy was favorable, and a cesarean section was performed in the 40th week of pregnancy because of macrosomia and a history of cesarean section.

Discussion
==========

The prevalence of AVM is estimated at 0.01--0.50% of the population.^[@B6],[@B7]^ AVM is generally present in patients aged between 20 years and 40 years, and especially in those over 30 years, which is a childbearing age for women. AVM rupture during pregnancy is associated with maternal mortality of 28% and fetal mortality of 14%.^[@B1]^ The implication of pregnancy in AVM rupture is controversial, but the bleeding rate appears to increase up to three-fold.^[@B1]--[@B3],[@B8]^ Although the rebleeding rate during the first year in the natural course of a ruptured AVM varied from 6% to 15.8%, the frequency of rebleeding during the same pregnancy could be as high as 27%.^[@B3],[@B9]^ Moreover, in a recent report by Gross and Du, the annual hemorrhage rate during pregnancy was 10.8%, the hemorrhage rate per pregnancy was 8.1%, and the hazard ratio for intracerebral hemorrhage during pregnancy was 7.91.^[@B10]^ In view of these very high rates, cases of AVM in pregnant women should be treated with great care.

Here, we described the role of intraoperative FHR monitoring in two cases of elective surgery for AVM presenting with intracerebral hemorrhage at different stages of pregnancy. Although radical treatment for ruptured AVM tended to be performed after delivery in many case reports and case series, early surgical intervention for patients with an immature fetus before delivery would lead to improved maternal and fetal prognosis if the surgical risk is low.^[@B3],[@B11]--[@B13]^ The indication of surgery for AVM is determined primarily by the Spetzler-Martin grading scale.^[@B14],[@B15]^ The removal of AVM was supposed to be completed safely in our cases because the AVM grade was low. However, one of the anxieties for neurosurgeon is about fetal well-being during perioperative period. Although many cases of neurosurgery during pregnancy have been reported, the reference of intraoperative FHR monitoring was in few reports of brain tumor.^[@B4],[@B5]^ FHR monitoring is important for the assessment of reassuring fetal status in the antepartum as well as intrapartum stage.^[@B16]--[@B18]^ Several reports have recommended continuous intraoperative FHR monitoring if non-obstetric surgery is performed after the 16th week of pregnancy.^[@B19]--[@B22]^ Prolonged deceleration or bradycardia caused by maternal hypoperfusion, maternal hypoxia, compression of the umbilical cord, or the depression of the fetal cardiovascular system by anesthetic agents reflects a decreased uterine and placental circulation that can result in fetal asphyxia, acidosis, and death.^[@B4],[@B19]^ Loss of FHR variability does not always indicate fetal distress under general anesthesia because it may occur by the effect of anesthetic agents on the fetal autonomic nervous system.^[@B19],[@B23]^ Unexpected intraoperative bleeding or induced maternal hypo-tension would lead to the risk of mother and fetus during cerebrovascular surgery, especially in the timing as resection of AVM or clipping of cerebral aneurysm.^[@B24],[@B25]^ A mean arterial pressure of \< 70 mmHg or a reduction in systolic arterial pressure of 25--30% is sufficient to reduce utero-placental blood flow.^[@B23]^ We can adjust the maternal blood pressure, maternal oxygenation, and anesthetic agents as soon as possible if FHR abnormality occurs. Nevertheless, cesarean section is required unless the fetal distress improves. Our indication for emergency cesarean section is the incidence of prolonged deceleration or bradicardia with \< 80 bpm for 2 minutes, based on the framework by Parer and Ikeda.^[@B16]^ This value is correlated with the lower limit thresholds of pH 7.1 and base excess of --12 mEq/L in umbilical arterial blood, which indicates the fetal hypoxic damage. In these circumstances, FHR monitoring can be especially valuable for cerebrovascular surgery.

In the third trimester, CTG is widely used to monitor the FHR for fetal well-being. Being safe, easy, and quick, CTG has become very popular. In our case, the patient was in the supine position and her abdomen was left unobstructed so that emergent cesarean section could be performed if fetal asphyxia was suspected. In the second trimester, the transesophageal echo probe was useful because of the advantages of being flexible and easy to attach to the mother\'s lower abdomen comparing with the usual doppler ultrasound probe. Both these approaches allowed easy, stable, and successful FHR monitoring. The problem associated with FHR monitoring in the late stage of pregnancy is the movement of the fetus. The CTG sensor would have to be repositioned when the fetus moves. However, fetal movement tends to be reduced under general anesthesia as our first case.^[@B26]^ The problem with FHR monitoring in the early stage of pregnancy is that the fetus cannot be rescued directly when non-reassuring fetal status is suspected. In addition, the usefulness of intraoperative FHR monitoring during pregnancy is controversial, because no large systematic study has been conducted. Maternal anesthesia may decrease the baseline FHR and variability.^[@B19],[@B23]^ Misinterpretation of FHR data could result in interventions that endanger the fetus, such as an unnecessary cesarean section.^[@B27]^ So, a trained obstetrician team is needed to read it and prepare for an urgent cesarean delivery during surgery.^[@B28]^ Horrigan et al. reviewed that no fetal hypoxic condition has been documented without the occurrence of a maternal hypoxic complication, whether FHR monitoring is used or not.^[@B29]^ Balki and Manninen reported a successful craniotomy for suprasellar meningioma in a 28-week pregnant woman who suffered from rapidly deteriorating vision, without FHR monitoring.^[@B5]^ They did not use FHR monitoring because there was no preparation for emergency cesarean delivery with the mother\'s consent. The American College of Obstetrics and Gynecology Committee opinion on "Non-Obstetric surgery in Pregnancy" stated that "although there are no data to support specific recommendations regarding non-obstetric surgery and anesthesia in pregnancy, it is important for non-obstetric physicians to obtain obstetric consultation before performing non-obstetric surgery, and the decision to use fetal monitoring should be individualized and each case warrants a team approach for optimal safety of the woman and her baby."^[@B28]^ FHR monitoring facilitates the best possible care for the fetus, especially when the mother wishes to continue the pregnancy or deliver the fetus if fetal asphyxia is suspected. In this line, we were able to operate safely, stably, and successfully for both mother and fetus under monitoring of FHR with the cooperation of obstetrician and anesthesiologist.

Conclusion
==========

FHR monitoring is useful for AVM surgery during pregnancy. CTG is an appropriate method in the third trimester, whereas ultrasonography, using a transesophageal echo probe, can be used in the second trimester. These methods could have a wider application for cerebrovascular surgery during pregnancy.

![Case 1: A: Computed tomography scan showing a left parietal intraparenchymal hematoma. B: Digital subtraction angiogram showing a grade 2 left parietal arteriovenous malformation.](nmc-54-819-g1){#F1}

![A: Cardiotocography system. B: The transesophageal echo probe attached to the mother\'s lower abdomen. C: Ultrasound sonography showing the fetus (*asterisk*), fetal heart (*arrowhead*), and fetal heartbeat (*arrow*).](nmc-54-819-g2){#F2}

![Case 2: A: Computed tomography scan showing a right frontal intraparenchymal hematoma. B: Digital subtraction angiogram showing a grade 1 right frontal arteriovenous malformation.](nmc-54-819-g3){#F3}
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